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Radionuclide measurement of left ventricular ejection
fraction in infants and children
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SUMMARY The left ventricular ejection fraction was measured in 60 infants and children with
congenital heart disease by both the equilibrium gated radionuclide technique and biplane left
ventricular cineangiography. The median age of the patients studied was 2*25 years, and 17 were less
than 1 year old. The correlation coefficient for the two sets of measurements was good and did not

deteriorate in subgroups under 1 year old and with a large left to right shunt. In those infants with a

right to left shunt the correlation was weak.
Equilibrium gated radionuclide angiography is a valid and clinically valuable method of measur-

ing left ventricular function in infants and children with congenital heart disease.

Eighty per cent of children with congential heart dis-
ease present in the first year of life,' and corrective
surgery is being performed increasingly in infants. A
technique to measure left ventricular function non-
invasively in this age group is potentially very valu-
able for preoperative assessment and immediate post-
operative management of these patients. It would also
be important in the assessment of their long term
prognosis.

Non-invasive radionuclide angiography has been
extensively used to measure left ventricular function
in adults.2 There are some reports of its use in older
children,34 but its use in infants has not previously
been studied.

First pass radionuclide studies are used to measure
the pulmonary to systemic flow ratio in infants and
children with left to right shunts.56 The left ventricu-
lar ejection fraction can be measured simultane-
ously.3 7 If the radionuclide is given in the form of
technetium-99m labelled red blood cells, electrocar-
diogram gated equilibrium studies can be acquired
subsequendy without any further dose of radiation.
These can also be used for measuring the left ventricu-
lar ejection fraction.489
The aim of this study was to assess the validity of

measuring left ventricular ejection fraction by the
gated radionuclide technique in infants and children
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with congenital heart disease. We compared these
measurements in an unselected group with those
obtained by left ventricular cineangiography.

Patients and methods

STUDY POPULATION
The study group consisted of 60 children with con-
genital heart malformations aged 2 weeks to 16 years
(median age 2.25 years); 17 were less than 1 year old.
All infants and children who were admitted to this
unit for clinically indicated diagnostic cardiac
catheterisation and radionuclide angiography during
the study period were eligible for inclusion. In five
children the results have not been included because of
poor quality radionuclide studies due to poor red cell
labelling efficiency (two cases) and dextrocardia with
complex anatomy (three cases), which prevented ade-
quate separation of the left ventricle. The results for
all the remaining cases are included. The diagnoses
are given in Tables 1 and 2.

RADIONUCLIDE ANGIOGRAPHY
The first pass radionuclide study was acquired in the
anterior projection. A rapid intravenous bolus of no
more than 0-5 ml of technetium-99m labelled red
blood cells was given. The patient's blood was label-
led in vitro by the Brookhaven method. The dose
administered was 430 MBq/m2 (11-6 mCi/M2). The
first pass study was used to identify and measure left
to right shunts and identify right to left shunts.
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Table 1 Results in patients with a small left to right shunt and no right to left shunt (group 1) and in those with a large left to right
shunt and no right to left shunt (group 2)

Age Left ventrcular ejection fracaton (%/o) QplQs Diagnosis
(jyr)

Radionuclide Radiographic

A- Group I
CM
CM
VSD
PS and coarctation
AS
VSD
PS and VSD
PS
CM
AS
Coarctation
Coarctation
PS
AS
AVSD
VSD
AS
PS
PS
PS
PS
AS

VSD and coarctation
VSD and PDA
VSD and coarctation
VSD
VSD
VSD and PDA
VSD
VSD and PDA
VSD
VSD
VSD and PS
VSD
VSD
VSD
VSD and PS
VSD and PS
VSD
ASD
VSD
VSD
ASD
ASD
ASD

VSD, ventricular septal defect; PDA, persistent ductus arteriosus, PS, pulmonary stenosis; ASD, atrial septal defect; CM, congestive
cardiomyopathy; AVSD, atrioventricular septal defect.

After equilibration, electrocardiogram gated
radionucide angiograms were acquired in a modified
left anterior oblique projection, the angle being
adjusted to give the best separation of the left ventri-
cle from surrounding structures. Data were acquired
until a minimum of 3-0 x 106 counts had been
obtained using either a Technicare 120 camera linked
to a Digital Equipment Corporation Gamma 11 sys-
tem or an Elscint 215M mobile gamma camera sys-
tem. Eighteen or 24 frames were acquired per cardiac
cycle on the two systems respectively.
The studies were analysed using an end diastolic

left ventricular region of interest, drawn by the
operator with the aid of a stroke volume image, and a

computer derived diastolic background region of
interest lateral and inferior to the left ventricle. This
region was adjusted by the operator if considered to
be inappropriate. To assess reproducibility 20 cases
were each analysed three times, by one operator on
two separate occasions and then independently by a

second operator.
The estimated whole body absorbed radiation dose

of these studies was 0*45 rad (4.5 mGy) for a newborn
infant and 0*36 rad (3.6 mGy) for a 16 year old.

CINEANGIOGRAPHY
Orthogonal biplanar left ventricular cineangiography
was performed. A centimetre grid was filmed with the

008
0-37
1-06
1-10
1-41
2-25
2-33
2.33
2-85
4.75
620
625
6-50
6-50
680
770
9-60
120
123
13-0
13-1
16-0

19
52
65
81
65
46
66
75
16
76
58
70
65
69
72
62
72
71
76
81
61
66

1-0
1-0
1.9
1-0
1-0
16
1 2
1-0
1-0
1-0
1-0
1-0
1-0
1-0
i-5
1-7
1-0
1-0
1-0
1-0
1-0
1-0

26
58
52
87
70
52
77
74
16
67
52
63
77
75
65
53
65
63
67
78
69
77

28
67
40
62
60
59
56
48
59
62
76
74
61
69
58
55
62
73
78
67
60
64
81

Group 2
0.08
0-16
0 16
0-21
0-25
0-25
025
0-37
045
0-50
0-67
0-83
1-15
116
120
1-25
1 75
2 16
2 50
2-50
580
11-3
141

41
63
31
76
60
65
51
66
59
67
80
71
68
74
66
62
67
66
80
70
65
74
78

25
32
28
27
3-3
25
2 3
24
22
3-8
22
3-1
24
3.3
2-4
2-5
22
20
2-3
2-0
2.1
22
2 5
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Table 2 Results in patients with a right to left shunt

Age Left ventncular ejection Diagnosis
y) fraci (%)

Radionuclide Radiographic

0-06 56 53 Pulmonary atresia
0-29 51 75 Complete transposition
0.50 54 68 Complete transposition
1-0 73 72 Tetralogy of Fallot
1-25 83 75 Ventricular septal defect
2.0 68 58 Tetralogy of Fallot
2.41 47 63 Tricuspid atresia
2-60 57 70 Pulmonary stenosis
2.90 47 45 Tricuspid atresia
3-0 52 65 Tricuspid atresia
3.1 48 58 Tricuspid stenosis
3.1 66 71 Tetralogy of Fallot
3-9 48 49 Tricuspid atresia
11.0 58 68 Tricuspid atresia
13.6 64 77 Tricuspid atresia

same film to tube distance as the estimated position of
the left ventricle to act as a reference length. The left
ventricular area and length at end diastole and end
systole were planimetered and the volumes calculated
by the area length method.'0 Extrasystoles and post
extrasystolic beats were excluded from the analysis.

STATISTICAL ANALYSIS
Statistical analysis of the results was performed using
linear regression analysis of the radionuclide and
radiographic ejection fractions. Individual correla-
tions were compared using an F test of the variance.
Reproducibility was assessed by correlation of the first
measurement of the ejection fraction with the second
by the same observer and also with the value obtained
by the second observer. The null hypothesis was
rejected when p>005.

Table 3 Results of reproducibility study

Operator 1 Operator 2

21 23 19
82 72 68
66 68 71
72 73 75
70 67 65
75 73 69
79 86 84
40 44 59
54 76 54
42 44 48
54 48 42
70 66 76
49 49 76
14 11 13
16 1 1 13
47 50 55
65 68 73
11 10 11
48 51 58
47 53 56
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Fig. Correlation of (a) all the patients studied; and (b) the
patients with no right to left shunt. The broken lines are 95%
corfidence limits.

Results

The results of the reproducibility study are shown in
Table 3. The correlation coefficient (r) for intraob-
server reproducibility was 0*96 (y= 1-0 x+ 1.03) and
the standard error of the estimate (SEE) was 6-18. For
interobserver reproducibility the correlation
coefficient was 0.91 (y=0.95 x+5-49, SEE=9-18).
The correlation of the radionuclide and radio-

graphic ejection fractions for all the patients is shown
in the Figure (a). The coefficient of correlation was
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0*81 (p<0.001), and the standard error of the estimate
was 7.97.
The correlation coefficient for those infants less

than 1 year old was 0-81 (SEE= 8.28), and the correla-
tion was not significantly different from that for chil-
dren aged more than 1 year (r=0-80, SEE=7-73,
p>0-1). The correlation coefficient for those with a
small left to right shunt (Table 1), defined as a pul-
monary to systemic flow ratio less than 2-0: 1, and no

right to left shunt was 0-89 (n=22, SEE=7.79); this
correlation was not significantly different from that
for those with a large left to right shunt (Table 1), in
whom the pulmonary to systemic flow ratio was grea-
ter or equal to 2-0:1 (r=0-83, n=23, SEE=6.75,
p>O 1).
The analysis of those cases studied in the catheter

laboratory and therefore in the closest time relation to
the left ventricular cineangiogram showed a correla-
tion coefficient of 090 (n= 12, SEE= 8.47). This cor-
relation was not significantly different from that for
the remaining 48 cases (r=0.76, SEE=7-85, p>0'1).
The correlation coefficient in those patients with a

right to left shunt was 0.55 (y=0.60 x+19.8, n=15,
SEE=9 55). Although the variance was not
significantly different from that in those with no right
to left shunt (Fig. (b) p>0O 1), the observed correla-
tion was poorer, and the confidence limits were wider.

Eight of the patients studied were expected on clin-
ical grounds to have poor left ventricular function.
These either had a congestive cardiomyopathy or
coarctation of the aorta. If these patients and those
with a right to left shunt are excluded, the mean ejec-
tion fraction was 65*7 (SD+8.7, n=37).

There was no significant correlation of ejection frac-
tion with the pulmonary to systemic flow ratio in
those patients with left to right shunts (r=0-07,
p>05).

Discussion

Electrocardiogram gated radionuclide angiography is
a non-invasive method of measuring left ventricular
ejection fraction that involves no haemodynamic dis-
turbance to the patient and can be performed at the
bedside. It is a safe procedure and the radiation dose
is small. This study shows that in most cases it reflects
the left ventricular performance, as measured by an
invasive method, in infants and children with congen-
ital heart disease. The correlation is not quite as good
as that reported for adults, the confidence limits are
wider, and the slope of the regression line approxi-
mates less well to unity.8 9 11 The reproducibility is
also not as good as in adult studies. 2

Infants and young children with congenital heart
disease present special problems for the accurate and
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reproducible measurement of left ventricular ejection
fraction by the radionucide technique. Firstly, the
count rate is lower than in adults. Secondly, the
anatomical assumptions on which the technique is
based may be compromised by the presence of
intracardiac shunting and disordered anatomy.
Thirdly, the resolution of the left ventricular outline
is poorer in small hearts than in adult hearts.
Nevertheless, despite these problems with the
radionucide method and also problems with the
cineangiographic measurement of left ventricular vol-
ume in this age group,3 14 the correlation is
sufficiently good and the confidence limits narrow
enough to make it a clinically valuable technique.
The radionuclide technique has several advantages

over the radiographic method. The measurement
involves no geometric assumptions about the left ven-
tricular shape. There is no question of the injection of
tracer affecting the ventricular performance, as may
occur with contrast media; the measured ejection frac-
tion is the mean of many beats and premature heart
beats are automatically excluded at the time of acquis-
ition. Furthermore, simultaneous measurement of the
pulmonary to systemic flow ratio is possible in those
patients with left to right shunts, and a left ventricular
volume curve is generated that can be used to derive
other indices of left ventricular function, such as the
ejection rate.
The correlation was poorest in those patients with a

right to left shunt. As can be seen from Table 2, this
group contained a mixture of congenital heart mal-
formations, and it is probably not valid to consider it
as a whole. Generally, these patients had the most
disordered anatomy of all those studied, and they
might, therefore, be expected to present the greatest
problems with both techniques. With more experi-
ence it may be possible to identify which conditions
among this group cause the most difficulties with the
radionucide technique. We have insufficient data for
this at present.
The mean ejection fraction for these patients,

excluding those with clinical left ventricular dysfunc-
tion and right to left shunts, is within the previously
established normal range for older groups of
patients.'5 16 We have not studied healthy children
and so cannot quote a normal range for this age group.

Gated radionucide angiography is a clinically valu-
able method of measuring left ventricular function in
infants and children with congenital heart disease. Its
application may improve the treatment of those
patients in this age group with poor left ventricular
function and enable the better selection of children for
invasive investigations and cardiac surgery. The use
of bedside monitoring of left ventricular function
should lead to improved postoperative management
after open heart surgery. Further experience will
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enable the role of left ventricular function in the long
term prognosis of infants with congenital heart disease
to be assessed.

EJB is a British Heart Foundation junior research
fellow.
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